The heterogeneous solid acid catalysts Amberlyst-15 and silica-HClO4 displays efficient catalytic properties for the synthesis of 2,3-dihydroquinazolin-4(1H)-ones from anthranilamide and various aldehydes/ ketones under mild reaction conditions and in good yields. These catalysts also showed good catalytic activity for condensation of anthranilamide with a cyclic enol ether 3,4-dihydropyran and led to formation of new unexpected quinazolinone product 6 comprising two dihydropyran moieties. The new product 6 has been reported for the first time and is fully characterized using 2D-NMR data. Furthermore, both solid acid catalysts can be easily recycled without significant loss of activity.
Introduction
A large number of synthetic as well as natural 2,3-dihydroquinazolinone classes of fused heterocycles have been reported possessing a diverse range of biological activities. [1] [2] [3] Due to their promising biological potential and wide occurrence in nature, several efforts have been made to develop an elegant approach for their synthesis. These include condensation of anthranilamide with aldehydes in presence of acid catalysts 4,5 reductive cyclization of Onitrobenzamide or O-azido-benzamide with aldehydes and ketones using SmI2, 6 or using TiCl4, 7,
8 reductive desulfurization of 2-thioxo-3H-quinazolin-4-ones with nickel boride in dry methanol, 9 one-pot conversion from 2-nitro-N-arylbenzamides using SnCl2, 10 one-pot synthesis using pTSA, 11 silica-SO3H, 12 alum, 13 montmorillonite K-10, 14 ionic liquids, 15 and gallium(III) triflate, 16 and enantioselective synthesis using chiral auxillary 3 and Bronsted acid catalyst. 17 Of these, the condensation of anthranilamide with aldehyde or ketone is one of the simplest and direct approach for preparation of 2,3-dihydroquinazolin-4(1H)-ones. Several researchers reported this approach using various catalysts such as pTSA, 4, 18 cellulose-SO3H, 5 TiCl4, 7, 8 CuCl2, 19 NH4Cl, 20 ionic liquids, 15 TFA, 3 and chiral phosphonic acids. 17, 21 Limitations of the existing protocols realized in terms of longer reaction time, stringent conditions, homogeneous nature of catalysts (except cellulose-SO3H) which makes the process very expensive, use of costly and water sensitive catalysts (e.g. TiCl4, 7, 8 ) and special efforts required to prepare the catalyst (e.g. cellulose-SO3H). A recently reported eco-friendly approach 22 involving water as a reaction medium, requires refluxing conditions and is only faster and suitable for aromatic aldehydes. However, ketones and heterocyclic aldehydes require longer reaction times and producing lower yields. Inability of reaction for aromatic ketones is the major limitation of this strategy.
Heterogeneous catalysis [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] has gained tremendous importance in organic synthesis due to its recyclability which makes cost-effective synthesis. 24 is a strongly acidic ionexchange resin developed particularly for heterogeneous acid catalysis of wide variety of organic reactions. It is also useful in non-aqueous ion-exchange systems for the removal of cationic impurities. Use of this catalyst has been reported for a variety of reactions such as Friedel-Craft reaction, 25 glycosylation, 26 deprotection of aromatic acetates, 27 and also in multi-component synthesis of dihydroquinoxalin-2-amines from O-phenylene diamine, ketones and isocyanides. 28 Similarly, silica-HClO4 has also been used in various organic reactions like acylation of phenols, thiols etc. 29 However no report exist on use of these two solid acid catalysts for the preparation of 2,3-dihydroquinazolin-4(1H)-ones.
Herein, we report the use of Amberlyst-15 and Silica-HClO4 as efficient and reusable catalysts for synthesis of 2,3-dihydroquinazolin-4(1H)-ones 3 in shorter reaction time under mild reaction conditions (Figure 1) . Furthermore, the ability of these catalysts for formation of anthranilamide -2,3-dihydropyran condensation product has also been reported in the present paper. Developed protocol provides easy and economical access to biologically important dihydroquinazolin-4(1H)-one scaffold for a drug discovery program. 
Results and Discussion
The model reaction between anthranilamide (1) and benzaldehyde was selected to investigate catalytic efficiency of different solid acid catalysts viz. Amberlyst-15 along with few other cation-exchange resins, silica gel and silica-HClO4 (Table 1 , entries 1-6). Based on the earlier reports, acetonitrile 5 and water 22 were chosen for optimization study. No product was formed in the absence of catalyst either in acetonitrile or water up to 6 h of reaction time. No improvement was observed even after addition of molecular sieves (4 °A). Further, with the use of Amberlyst-15 or Amberlite-IRA-40 as catalysts and acetonitrile as a solvent resulted in complete conversion of starting materials to desired product with >85% isolated yield. Amberlyst-15 and silicaperchloric acid showed good catalytic ability compared with other catalysts. We performed further optimization for Amberlyst-15. Reaction when performed in presence of Amberlyst-15 in water resulted in formation of desired product in 60% yield. The amberlite-IRC-50 and silica gel were found to be inefficient in promoting the reaction rate. Amberlyst-15 in acetonitrile as a solvent was found to be more efficient and thus selected for further optimization studies. Next, we studied the effect of amount of catalyst on the efficient completion of the reaction. Different weight% of the catalyst was used and the percentage conversion after different time intervals was monitored ( Table 1 , entries 7-17). Results obtained here indicate that the efficiency of the reaction (higher yield) increased when a higher amount of the catalyst is used. The percent yield of the reaction increases from 30 to 90% with increasing the amount of catalyst from 10 %w/w to 50%w/w at 45 min reaction time. However, the reaction went to complete conversion using 10%w/w of the catalyst after 4 h of reaction time and the isolated yield was also excellent. Among various amounts of catalysts used, the 50%w/w was found to be highly active and more efficient with respect to reaction time. The 50%w/w catalyst afforded complete conversion of reaction within 45 min time. Further with the addition of molecular sieves (4 A) to promote the rate of reaction, there was not significant decrease in the reaction time.
Recyclability of Amberlyst-15 was checked to prove the heterogeneous nature and its repeated use. The treatment of anthranilamide (1, 1 mmol) with benzaldehyde (2c, 1 mmol) in presence of Amberlyst-15 led to formation of desired 2-phenyl-2,3-dihydroxyquinazolin-4-one 3c with complete consumption of starting materials in 45 min, 4 h, 8 h and 12 h over four cycles respectively. Similarly Silica-HClO4 also showed excellent recyclability. Thus it is noteworthy to mention that these catalysts could be recycled several times, although there is increased reaction time after each cycle. 25 Next, we studied the scope of the reaction. As expected, this reaction proceeded smoothly and the desired products were obtained in excellent yields. A series of aldehydes with either electron-donating or electron-withdrawing groups attached to the aromatic ring were investigated ( Table 2 ). The substitution groups on the aromatic ring had no obvious effect on the reaction yield. Aliphatic (Table 2 , entries 'a' and 'b'), aromatic (Table 2 , entries 'c-l') as well as heteroaromatic aldehydes (Table 2 , entries 'm-o') produced desired products in good yields. Similarly several aliphatic (Table 2 , entries 'p-r') as well as aromatic ketones (Table 2, entry 's') participated well in this reaction. Reaction of 3-formyl indole (2n) with anthranilamide (3) when performed under reflux conditions for 45 min using Amberlyst-15 and silica-HClO4, it was observed that yield of the product 3n was improved (75 and 85% respectively). Similarly, for quinoline substituted compound 3o, higher yield was obtained using silica-HClO 4 catalyst under heating condition.
Aromatic ketones were found to be less reactive compared to aliphatic or alicyclic ketones.
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Reaction of 1 with acetophenone (entry 's') when performed at room temperature, desired product was obtained in only 35% yield; however under refluxing condition for 90 min, 70% yield of 3s was obtained. For this reaction, silica-HClO4 produced similar yield (78%). All synthesized compounds were stable and were fully characterized by NMR, MS and melting point analysis. Compounds 3j, 3n and 3o are new compounds and have been synthesized for the first time. One of our synthesized compound 3l (naphtha-1-yl analog) is reported to possess in vivo anti-leukemic activity as well as tubulin polymerization inhibitory activity (IC50 1.7 M). These promising results prompted us to study catalytic efficiency of Amberlyst-15 for condensation of anthranilamide with cyclic enol ether. The reaction of 1 with 3,4-dihydropyran (4) in ACN in presence of Amberlyst-15 (50% w/w) at 80 C did not led to formation of expected product 5 (reported by Reddy et al); 5 however an unexpected product 6 was formed (60% yield; Figure 2 ). The product 6 was also formed in room temperature reaction but only in 30% yield. Figure S5 ). Furthermore, extreme downfield CH signal ( 99.3 ppm) in 13 C NMR confirmed O-CH-O pattern. The combined spectral information of 1 H, 13 C, DEPT, MS, HMBC/HSQC NMR data led to structure 6. Further, this type of protection of primary alcohols using tetrahydropyran has been reported earlier under acidic conditions. 36 Results clearly indicate the heterogeneous nature of the catalyst with good recycling capability. The macroreticular pore structure of Amberlyst-15 permits ready access of liquid or gaseous reactants to the hydrogen ion sites located throughout the bead, thus ensuring successful performance even in non-swelling organic media. Amberlyst-15 is an inexpensive and nonhazardous commercially available solid acid catalyst. It can be easily handled and separated from the reaction mixtures by simple filtration. The recovered catalyst can be reused over more than three cycles without significant loss of catalytic activity.
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Conclusions
An efficient protocol for synthesis of 2,3-dihydroquinazolin-4(1H)-ones using solid acid catalysts Amberlyst-15 and silica-HClO4 as recyclable catalysts in shorter reaction times and high yields under milder reaction conditions has been described. Furthermore, the catalytic efficiency of these catalysts was also studied for cyclic enol ether 3,4-dihydropyran and the formation of 2,3-dihydro-2-(4-(tetrahydro-2H-pyran-2-yloxy)butyl)quinazolin-4(1H)-one (6) product has been reported for the first time. Catalyst being inexpensive, non-hazardous and heterogeneous in nature makes the method economically viable for the synthesis of titled compounds.
Experimental Section
General. All chemicals were obtained from Sigma-Aldrich Company and used as received. NMR spectra were recorded on a Brucker-Avance DPX FT-NMR 400 MHz instrument. Mass spectra were recorded on an Agilent 1100 LC-Q-TOF. Elemental analyses were recorded on an Elementar Vario EL III and melting points were recorded on a digital melting point apparatus.
Synthesis of 2,3-dihydroquinazolin-4(1H)-ones 3 and 6. Amberlyst-15 (50%w/w with respect to 1) was added to a solution of anthranilamide (1, 1 mmol) and aldehyde/ ketone/3,4-dihydropyran (2 or 4, 1.0 mmol) in acetonitrile (5 mL). The mixture was stirred at room temperature / 80 o C for the specified period of time. The progress of the reaction was monitored by TLC. After completion, the reaction mixture was then allowed to cool to room temperature and filtered. Filtrate was concentrated and purified by silica-gel column chromatography to get products 3a-s and 6. Characterization data for new compounds is provided below: 2,3-Dihydro-2-(4-hydroxy-3-nitrophenyl)-quinazolin-4(1H)-one (3j 
Supplementary material available
Supporting information for this article is available online at http:// http://www.arkat-usa.org. Included are 1 H NMR, 13 C NMR, DEPT and MS spectra of compound 6.
